The flux chamber pans had dimensions of 0.975  0.975 m length and 203 mm depth. The steel pans were equipped with steel C-channels (38 mm width  13 mm height  3 mm thickness) welded to the exterior tops of the chamber pans (Supplemental Fig. S1 ). The channels were filled with No. 4 medical ballistic gelatin (Clear Ballistics, Fort Smith, AR, USA), which was melted then poured into the channel and allowed to re-gel. The gelatin provided an air-tight seal when the 14.9 kg aluminum lid was placed in the channel. The chamber lid was constructed of 3.2 mm thick aluminum plate and had dimensions of 1022  1022 mm length  122 mm height. The chamber lid was vented to equalize chamber and ambient pressure (P) (Hutchinson and Livingston, 2001; Davidson et al., 2002; Parkin and Venterea, 2010) . The lid was equipped with a commercially-available chamber vent (Li-Cor Biosciences, Lincoln, Nebraska, USA) designed specifically for use in measuring soil CO 2 emissions (Xu et al., 2006) . Discussion on vent selection and testing is provided in Parker et al. (2017) . A single chamber lid was moved among chamber pans for all N 2 O flux measurements.
I. Design Specifications and Operation of RFT-NSS Flux Chambers
The flux chamber pans had dimensions of 0.975  0.975 m length and 203 mm depth. The steel pans were equipped with steel C-channels (38 mm width  13 mm height  3 mm thickness) welded to the exterior tops of the chamber pans (Supplemental Fig. S1 ). The channels were filled with No. 4 medical ballistic gelatin (Clear Ballistics, Fort Smith, AR, USA), which was melted then poured into the channel and allowed to re-gel. The gelatin provided an air-tight seal when the 14.9 kg aluminum lid was placed in the channel. The chamber lid was constructed of 3.2 mm thick aluminum plate and had dimensions of 1022  1022 mm length  122 mm height. The chamber lid was vented to equalize chamber and ambient pressure (P) (Hutchinson and Livingston, 2001; Davidson et al., 2002; Parkin and Venterea, 2010) . The lid was equipped with a commercially-available chamber vent (Li-Cor Biosciences, Lincoln, Nebraska, USA) designed specifically for use in measuring soil CO 2 emissions (Xu et al., 2006) . Discussion on vent selection and testing is provided in Parker et al. (2017) . A single chamber lid was moved among chamber pans for all N 2 O flux measurements.
Sample air was recirculated between the chamber lid and the N 2 O analyzer using two 21 m lengths of 4.3 mm internal diameter polyethylene (PE) tubing, such that the chambers were operated as RFT-NSS systems. The real-time continuous N 2 O analyzer (Model N 2 O/CO-30-EP Enhanced Performance, Los Gatos Research (LGR), Inc., San Jose, CA) was used to monitor changes in chamber headspace N 2 O concentrations. A schematic of the system is presented in Supplemental Fig. S2 . The LGR N 2 O analyzer utilizes a continuous wave laser with off-axis integrated cavity output spectroscopy (ICOS), with a manufacturerreported resolution < 0.01 ppbv and dynamic range of 0 to 10 ppmv. Headspace N 2 O concentrations were measured every 100 ms and recorded as a 1 s average.
The PE tubing was routed from the flux chamber lid through a 16-valve multiport inlet unit (LGR Model 908-0003-9001) and into the analyzer. Sample air was returned to the chamber using both the N 2 O analyzer's internal vacuum pump (~184 mL min -1 ) and the optional LGR Model N940 external high-volume vacuum pump (~1.97 L min -1 ), for a combined air flow rate of ~2.1 L min -1 . Based on earlier testing, there were no differences in concentration vs. time or calculated flux when using the internal vacuum pump alone as compared to using both pumps. However, the use of the external pump expedited N 2 O flux determination by decreasing the delay time from when the sample air left the chamber until the N 2 O concentration was recorded on the N 2 O analyzer to about seven seconds; therefore, both internal and external pumps were used throughout the experiment. An example of the linear increase in N 2 O concentrations over the 60 s measurement periods is presented in Supplemental 
II. Precision of the RFT-NSS Flux Chamber Method
The precision of the RFT-NSS flux chamber method was evaluated by making multiple measurements of N 2 O concentration vs. time from the same chamber pan. The coefficient of variation (CV), defined as the ratio of the standard deviation to the mean, was used as a standardized measure of the precision of multiple flux values on the same pan.
The concentration vs. time relationships and resultant flux values were similar for consecutive measurements on the same pan (Supplemental Fig. S4 ). The CVs for consecutive flux measurements (N=3 to 11) on the same pan ranged from 0.42 to 6.26% (Supplemental Table S1 ).
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The precision of N 2 O-N flux calculations depends primarily on two factors: 1) analytical precision (e.g. the precision due to the N 2 O analyzer) and sampling methodology precision (e.g. the precision due to the flux chamber method). Our CVs, which had an overall mean of 2.49% (Supplemental Table S1 ), include both of these factors. For comparison, Venterea (2010) measured N 2 O concentrations in field soils with flux chambers over a 60 min period, using GC to quantify N 2 O concentrations, and reported N 2 O-N flux CVs ranging from 0.91 to 13% for fluxes calculated by linear regression.
Analytical precision was summarized by de Klein and Harvey (2015) , with CVs due to the GC analyses alone ranging from about 0.3 to 2%. The use of real-time N 2 O analyzers for quantification of N 2 O concentration and flux is relatively new (Arévalo-Martinez et al., 2013; Redding et al., 2013; Christiansen et al., 2015; Rannik et al., 2015; Aguilar et al., 2016) . The short-term CVs of the real-time analyzer used in our research, as quantified by measuring the N 2 O concentration over a 3 min period with the NIST standard gases, were 0.07, 0.03, and 2.32% for N 2 O standard gas concentrations of 0.101, 0.251, and 1.01 ppmv, respectively.
Many additional parameters contribute to the precision of the flux chamber method, including flux calculation methodology (e.g. linear, quadratic, Hutchinson-Mosier), chamber geometry (e.g. height of the chamber head space), sampling time, number of air samples collected, magnitude of predeployment flux (high or low), vents (type and presence), and internal fans (Xu et al., 2006; Rochette and Eriksen-Hamel, 2008; Venterea et al., 2009; de Klein and Harvey, 2015) . Utilizing gas transport theory and Monte Carlo analyses, Venterea et al. (2009) Table S1 ).
With an overall mean CV of 2.49% (Supplemental Table S1 ), the methodology presented in this manuscript utilizing a realtime analyzer with 60 s deployment time produces smaller or equivalent CVs than the traditional GC-based approach requiring 30 to 60 min deployment times.
III. Manure Analysis
Three manure samples were collected from the manure pile at the beginning of the experiment prior to placing the manure into the pans, and results were averaged. At the end of the experiment, a single composite manure sample was collected over the 109 mm manure depth from near the center of each of the five pans. The analyses were conducted by Servi-Tech Laboratories (Amarillo, TX). Total and organic nitrogen were determined by the Kjeldahl method. Ammonium was determined by titration in accordance with Standard Method 4500. Nitrate was analyzed by colorimetric flow injection analysis (FIA) according to EPA method 353.2. Phosphorus, potassium, sulfur, calcium, and magnesium were determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) using Association of Official Analytical Chemists (AOAC) Method 990.08. Water content was determined using Standard Method 2540 by loss on drying, and volatile solids were determined by loss on ignition. Electrical conductivity and pH were determined with probe meters according to EPA methods 9050 and 9045D, respectively. Table S1 . Summary of the precision of the flux chamber method for multiple measurements on the same flux chamber pan. All flux measurements except for the first three were made on dry manure prior to simulated rainfall. 
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Supplemental Fig. S1 . The portable chamber lid was manually placed onto one of five flux chamber pans filled with manure. The lid was left in place for 60 s while the increase in N2O concentration was monitored in the headspace. The lid was then removed for 60 s to allow the N2O analyzer to return to background concentration while the lid was moved to a different chamber pan.
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Supplemental Fig. S2 . Schematic of the five flux chambers, real-time N2O analyzer, multiport inlet unit, vacuum pumps, and standard gases used to quantify N2O flux from manure-filled chamber pans. Sample air was recirculated between the flux chambers and the real time N2O analyzer.
